iabetes mellitus (DM) is one of the most important risk factors of cardiovascular diseases, and numerous patients who are afflicted with diabetes usually suffer the diffused stenosis of coronary arteries, leading to dreadful consequences such as myocardial infarction and cardiomyopathy. Non-invasive evaluation tools such as Doppler echocardiography demonstrate the impairment of cardiac function in diabetic animal models as well as in diabetic patients, 1,2 whereas the mechanism is still not well elucidated.
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Neuropathy is one of the common complications of diabetes, which could result in the degeneration of the nerve fibers both in diabetic animals and patients. [3] [4] [5] Transient Receptor Potential Vanilloid 1 (TRPV1) is a non-selective cation channel and is diversely distributed in terminals of sensory nerve fibers, dorsal root ganglia (DRG), spinal cord, and many other various regions in the brain. 6 It could lead to the release of neurotransmitters such as calcitonin generelated peptide (CGRP) from peripheral nerve terminals when activated by capsaicin, protons, noxious heat, etc. 7, 8 It has been found that in diabetes-prone NOD mice, the protein expression and function of TRPV1 was significantly depressed in DRG. 9 Using immunohistochemical staining, TRPV1 was also found to be reduced in epineurial arterioles in long-term diabetic rats. 10 These investigations suggest that the expression of TRPV1 is susceptible to diabetes. In addition, recent studies disclose that TRPV1 is expressed in the myocardium and perivascular region, which are close to the epicardial surface of ventricles. 11 We revealed that the expression of TRPV1 in diabetic hearts was significantly suppressed in our previous study. 12 However, the impact of the decreased TRPV1 on the diabetic heart has not been investigated yet.
A few studies have revealed that TRPV1 can serve as a molecular integrator of various noxious stimuli, especially the myocardial ischemia, in order to protect the hearts against ischemic injury. 11,13 For example, exogenous agonists of TRPV1 exert a cardioprotective effect on ischemia/reperfusion injury, whereas TRPV1 gene knockout eliminates the protection. 14, 15 Therefore, it is reasonable to hypothesize that the alteration of TRPV1 secondary to diabetes can be related to the severe postischemic injury of the heart.
In the present study, we measure the expression of TRPV1 and CGRP in diabetic hearts and investigate the effect of TRPV1 on the cardiac function after ischemia injury. The results might help explain the vulnerability of diabetic hearts to ischemic injury.
Induction of DM
Mice were injected intraperitoneally with either 150 mg/kg of streptozotocin (STZ) (Sigma) dissolved in 0.1 mol/L citrate buffer (pH 4.5) or with an equivalent volume of citrate buffer solution after fasting for 6 h. Blood glucose was measured by nipping the distal part of the tail during a fasting state at 3 days and 8 weeks post-STZ injection using the OneTouch SureStep blood glucose monitoring system (LifeScan). The plasma glucose concentration of ≥16.7 mmol/L at 3 days and 8 weeks was the criterion for experimental DM.
Western Blot
Membrane protein of the whole heart was extracted according to the method described previously, 16 and the protein concentration was determined using the Bradford method. The 25 μg of protein was electrophoresed, and transferred onto polyvinylidene fluoride membranes. Thereafter, the membranes were incubated with goat anti-rat TRPV1 primary antibody (1:500 dilution, Santa Cruz, CA, USA) and donkey anti-goat IgG-HRP second antibody (1:4,000 dilution, Santa Cruz) in succession. Finally, they were incubated with EZ-ECL (Biological Industries, Haemek, Israel) and exposed to film. The blots were semiquantified using Quantity One imaging software (Bio-Rad) and corrected in comparison with glyceraldehyde-3-phosphate dehydrogenase (GAPDH).
Radioimmunoassay
The hearts were soaked in 1 ml of 0.5 mol/L acetic acid, then boiled and centrifuged. The supernatants were preserved for measurement of CGRP with a rabbit anti-rat CGRP radioimmunoassay kit (Furui Biological Engineering, Beijing, China). The results were normalized for the heart weights.
Measurement of Cardiac Function
The hearts were cannulated on the Langendorff apparatus system and perfused with the Krebs-Henseleit buffer (NaCl 118 mmol/L, KCl 4.7 mmo/L, MgSO4 1.2 mmol/L, KH2PO4 1.2 mmol/L, CaCl2 2.5 mmol/L, NaHCO3 2.5 mmol/L, Na-EDTA 0.5 mmol/L, glucose 11 mmol/L, pH 7.4, saturated with 95% O2 and 5% CO2) retrogradely from the aortic root. A water-filled balloon was set up, which was connected to the Medlab 6.0 system (Nanjing Meiyi Science and Technology Co Ltd, Nanjing, China) through the catheter and pressure transducer. The balloon was inserted into the left ventricle and the left ventricular end-diastolic pressure (LVEDP) was adjusted to between 5 and 8 mmHg through controlling the balloon volume so that the Medlab system was able to measure the heart function precisely. The parameters of cardiac function at the end of reperfusion were collected and analyzed.
Experimental Protocols
The mice were randomized into 6 groups, and 3 groups were induced to have diabetes while the other 3 groups served as the controls. The isolated hearts from the thoracic cavity were stabilized for 30 min after they were fixed on the Langendorff apparatus. All hearts were subject to the noflow normothemic global ischemia. The animal assignments and treatments are detailed as follows:
Group 1 (Non-DM hearts) The hearts were imposed on 30 min of ischemia, followed by 40 min of reperfusion without any drugs.
Group 2 (Non-DM hearts + Capsaicin) The hearts were exposed to Capsaicin (10 -6 mol/L) (Sigma) for 5 min before ischemia, 17 then subjected to 30 min of ischemia and 40 min of reperfusion ensued.
Group 3 (Non-DM hearts + CGRP)
The hearts were pretreated with the perfusate containing CGRP (10 -7 mmol/L) (Sigma) for 5 min in advance, 15 then underwent ischemia for 30 min, which was followed by reperfusion for 40 min.
Group 4 (DM hearts)
The hearts were isolated from diabetic mice and treated the same as that of group 1.
Group 5 (DM hearts + Capsaicin) The hearts were isolated from diabetic mice and the treatment was the same as that of group 2.
Group 6 (DM hearts + CGRP) The hearts were isolated from diabetic mice and the treatment was the same as that of group 3.
Measurement of the LDH
The severity of myocardial injury was determined by the concentration of lactate dehydrogenase (LDH) in the effluent. The effluents during the whole 40-min reperfusion were collected from all groups and the concentration of LDH was assayed using a LDH ELISA kit (ADL). The concentration of LDH in the effluent during the 40-min reperfusion was normalized for the wet weight of the heart.
Statistical Analysis
All results are mean ± SEM. The differences among the groups were determined by one-way ANOVA, and the difference between means was further identified with the least significant difference test (LSD) if a statistical difference was detected in the ANOVA analysis. A P<0.05 was considered statistically significant. 
Results

Plasma Glucose
The plasma glucose levels of the mice used for Western blot and radioimmunoassay are shown in Table 1 . The plasma glucose level of the DM mice was significantly higher than that of the non-DM mice both at 3 days and 8 weeks after the injection of STZ (P<0.01). The plasma glucose level of the mice used for the ischemia/reperfusion is shown in Table 2 , and at 3 days and 8 weeks of STZ injection, the plasma glucose levels in groups 4, 5 and 6 were significantly higher than those of the non-DM mice in groups 1, 2 and 3, respectively (P<0.01), while no significant difference was observed within the 3 non-DM groups as well as within the 3 DM groups.
Expression of TRPV1 and CGRP
The expression of TRPV1 and CGRP in the DM hearts was significantly lower than that in the non-DM hearts (P< 0.01) (Figure 1) , which is consistent with our previous study, 12 suggesting that the expression of TRPV1 and CGRP was remarkably suppressed in diabetic hearts.
Cardiac Function
The values used for the assessment of cardiac function, which were obtained at the end of the 40-min reperfusion, are shown in Figures 2-5 . Compared with the non-DM hearts, the DM hearts had higher LVEDP and lower left ventricular diastolic pressure (LVDP), HR and CF, which were statistically significant (P<0.05). The results indicate that the DM hearts suffered the more severe impairment of cardiac function after the ischemic/reperfusion as compared with the non-DM hearts.
Furthermore, the pretreatment of the non-DM hearts with capsaicin pronouncedly decreased the LVEDP and increased the LVDP, HR and CF compared with the untreated non-DM hearts (P<0.05). Whereas capsaicin did not exert the similar protective effect on the DM hearts, implying that the cardioprotective effect of exogenous capsaicin was jeopardized in the DM hearts. Namely, it could be inferred that the loss of TRPV1 partially led to the consequent conditions in the diabetic hearts.
However, the pretreatment with CGRP significantly decreased the LVEDP and increased the LVDP, HR and CF in both non-DM and DM hearts compared with the corresponding untreated hearts, respectively (P<0.05), demonstrating that the protective role of exogenous CGRP against ischemic injury was preserved in the DM hearts as in the non-DM hearts.
Myocardial Injury
The concentration of LDH in the effluent released from the DM hearts was significantly higher than that from the non-DM hearts (P<0.01), which is suggestive of the more severe myocardial injury in the DM hearts than that in the non-DM hearts. The pretreatment with capsaicin could significantly decrease the concentration of LDH released from the non-DM hearts in comparison with the untreated ones (P<0.01), but it failed to demonstrate the same effect in the DM hearts. In contrast, the pretreatment with CGRP was able to attenuate the release of LDH significantly in both the non-DM hearts and the DM hearts (P<0.05) (Figure 6 ). Taken together, exogenous capsaicin did not attenuate the myocardial injury during the ischemic/reperfusion in the DM hearts, while exogenous CGRP retained this ability.
Discussion
It is predicted that the number of the patients afflicted by DM will double from 171 million in 2000 to 366 million in 2030. 18 DM is regarded as one of the most important risk factors and prognostic risks of coronary heart disease, 19 greatly compromising the quality of life and life expectancy of humans. Diabetic neuropathy, the common complication of diabetes, usually involves the degeneration of the sensory nerve fibers as evidenced in both diabetic animals and patients. [3] [4] [5] Acting as an integrator of noxious stimuli, including heat, acid, pollutants, and endogenous pro-inflammatory substances, 20 TRPV1 is found to be expressed in the sensory nerves, which innervate a variety of tissues and organs such as the brain, spinal cord, skin, gastrointestinal tract, bladder, and cardiovascular system. 6, 20, 21 DM might interfere with the expression of TRPV1 as several investigations have found that the expression of TRPV1 in DRG and epineurial arterioles was decreased in diabetic animals. 9, 10 In the previous and present study, we disclosed in each that the expression of both TRPV1 and CGRP in diabetic mouse hearts is markedly reduced in comparison with that in the non-diabetic hearts, implying that the function of TRPV1 in the heart was impaired by diabetes.
Many researches have showed that TRPV1 could play an important role of cardioprotection in ischemia/reperfusion injury. 13, 22 Our previous study found that the mice with TRPV1 gene knockout were more vulnerable to ischemic injury. 15 These results demonstrated the importance of TRPV1 in the protection of the heart against postischemic injury. Normally, myocardial ischemia can activate TRPV1 via the decrease of the pH, the increase of blood vessel tension, the high level of regional endothelin and other endogenous agonists such as anandamide and N-acylethanolamines during the ischemia. [23] [24] [25] [26] Capsaicin, an exogenous agonist of TRPV1, is able to activate TRPV1 so as to cause the release of neurotransmitters such as CGRP from the sensory nerve fibers and trigger a cascade of cardiovascular responses. Capsaicin is usually believed to be a reflection of the expression of TRPV1, 17 which was confirmed by our present study. Interestingly, we found that capsaicin could not improve the cardiac function in diabetic hearts after the ischemia/reperfusion injury, which could be partially because of the depressed number and function of TRPV1 in the diabetic hearts, leading to the failure of the capsaicin action on TRPV1, the worse tolerance of the DM hearts to the ischemia/reperfusion, and subsequently the poor postischemic recovery of cardiac function.
In the present study, we have demonstrated that the cardiac function of diabetic hearts deteriorated more severely after ischemic abuse than that of non-diabetic hearts. Correspondingly, the diabetic patients are also prone to more severe coronary stenosis and cardiovascular events after myocardial ischemia according the data from past clinical studies. [27] [28] [29] The linkage of the high morbidity and mortality of coronary heart disease with diabetes is evident but not well understood for its mechanism. Based on the present study, we formulate a possible theory for the susceptibility of the diabetic hearts to ischemic injury, which is that the damage of sensory nerve fibers induced by diabetes causes the decline in the expression and function of TRPV1, and the latter results in the deterioration of cardiac sensory function and consequently the failure of the perception of noxious signals, eventually rendering the diabetic hearts vulnerable to the ischemic injury. 30 As is mentioned above, TRPV1 is closely related with CGRP as CGRP coexists in the TRPV1-positive sensory nerves in the hearts of rats, pigs, and human. 31 The activation of TRPV1 results in the release of CGRP, which in turn exerts cardioprotective effects. 32, 33 It has been known that CGRP is able to increase the coronary flow via the potent vasodilation, by which it enhances the cardiac function while some other unknown mechanisms are to be investigated. The present study also demonstrated that exogenous CGRP could improve the postischemic recovery of cardiac function and attenuate the myocardial injury in the normal hearts. Unfortunately, the expression of CGRP can be impaired by diabetes as the decreased level of CGRP was detected in the diabetic hearts of current study as well as in our previous study. Encouragingly, the pretreatment of exogenous CGRP was able to improve the postischemic recovery of cardiac function and attenuate the myocardial injury in the diabetic hearts. Therefore, it could be inferred that the downstream pathway of the CGRP where CGRP takes action was not disrupted by diabetes, despite the reduced expression of TRPV1. 
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Through the current study, we obtained an insight into the relationship between the postischemic injury of diabetic hearts and the alteration of TRPV1 expression, namely, the impaired expression of TRPV1 in the diabetic hearts is related to the poor recovery of cardiac function and more severe myocardial injury after ischemic abuse. The finding in the current study might shed light on the mechanism of the susceptibility of the diabetic hearts to myocardial ischemia injury and guide future therapy.
Study Limitations
The present study also had a limitation, however. Immunohistochemistry could definitely help demonstrate the distribution of TRPV1 and CGRP. Comparison of the distribution of TRPV1 and CGRP between the 2 groups would probably make the investigation more persuasive and detailed. But it was a pity that we were not able to carry out the immunohistochemistry because of the limitations of our lab conditions. Therefore, we just identified the difference of the expression of the TRPV1 protein and CGRP between DM and non-DM hearts.
